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. However, these links are uncertain because there is no independent record that precisely dates tectonic events that a ected the Pacific Plate. Here we analyse the geochemical characteristics of lava samples collected from the Musicians Ridges, lines of volcanic seamounts formed close to the Hawaiian-Emperor bend. We find that the geochemical signature of these lavas is unlike typical ocean island basalts and instead resembles mid-ocean ridge basalts. We infer that the seamounts are unrelated to mantle plume activity and instead formed in an extensional setting, due to deformation of the Pacific Plate. 40 Ar/ 39 Ar dating reveals that the Musicians Ridges formed during two time windows that bracket the time of formation of the Hawaiian-Emperor bend, 53-52 and 48-47 million years ago. We conclude that the Hawaiian-Emperor bend was formed by plate-mantle reorganization, potentially triggered by a series of subduction events at the Pacific Plate margins.
Both changes in mantle flow [6] [7] [8] and in the direction of Pacific Plate motion 4, 5 have been proposed to explain the Hawaiian-Emperor bend (HEB). Decreasing palaeolatitudes during the formation of the Emperor Seamounts 6, 8 , and combined global mantle flow and plate motion models 5 , support mantle flow as the dominant mechanism for creating the HEB. A palaeomagnetic pole for the Pacific Plate (based on the skewness of vector aeromagnetic profiles of magnetic anomalies due to seafloor spreading) has been interpreted as evidence that 5
• ± 3
• of the southward motion of the Hawaiian hotspot occurred after 32 Myr ago (ref. 10), thus post-dating the formation of the Emperor Seamounts, but the robustness of this type of analysis has been questioned (Supplementary Note 1). An alternative hypothesis notes the broad coincidence of the HEB with major circum-Pacific Plate tectonic events and favours HEB formation by the resulting change in the direction of Pacific Plate motion 4, 5, 11, 12 . But plate reconstructions connecting the Indo-Atlantic realm to the Pacific for Late Cretaceous predict a negligible bend 13 . Although diverse lines of evidence record a rough correlation between other circum-Pacific tectonic changes (Supplementary Note 2) and formation of the HEB (refs 5,11,14) , their timing has been too protracted to establish a connection. Here we report the unexpected discovery of the long-sought-after independent temporal record of circum-Pacific tectonic events while investigating a new type of linear structure on the Pacific seafloor detected in recent years by improvements in satellite altimetry 2 . This new type of structure consists of groups of linear en échelon volcanic ridges, first described in 1987 for the 'Crossgrain' ridges located in the central Pacific 2 . Mechanisms explaining these linear ridge groups include hotspot-spreading ridge interaction 15 and tensional cracking of the Pacific Plate 2,3 (see Supplementary Note 3). To investigate the origin of these enigmatic structures, we carried out seismic surveys and dredge sampled the en échelon linear ridges, extending eastward in clusters, from the northern and southern ends of the Musicians Seamount Chain and the Murray Fracture Zone (FZ) on RV Sonne cruise SO142 ( Fig. 1 and Supplementary Fig. 1 and Supplementary Table 1 ). The Musicians Seamounts form a NW trending age-progressive Cretaceous hotspot track, located several hundred kilometres northwest of the Hawaiian Seamounts, best explained by plate motion over a now extinct Musicians hotspot 15, 16 . The cluster of ridges extending from the southern end of the Musicians Seamount Chain is bounded to the north by the Murray FZ, which consists of a ∼100 km band of linear ridges and troughs that stretch from the Musicians to the Hawaiian Seamount Chain 16 . We dredge sampled one of these volcanic ridges in the Murray FZ (Fig. 1) .
Seismic profiles collected during the SO142 expedition show that the Musicians Ridges were formed by volcanism 15 . The volcanism is interpreted to have been generated by flow of mantle along channels in the base of the lithosphere from the Musicians hotspot to the Pacific-Farallon spreading centre in the Cretaceous 15 . Although this is consistent with the ∼94-92 Myr 40 Ar/ 39 Ar ages for two samples dredged from the volcanic ridge located furthest away from the northern end of the Musicians Chain (Fig. 1) continued until 47-48 Myr ago, or that a second event occurred roughly 6 Myr later. Surprisingly, the samples from the Murray FZ also yielded ages of 47-48 Myr. 40 Ar/ 39 Ar plateau ages are shown in Fig. 2 and Supplementary Fig. 2 . For complete information see Methods, Supplementary Table 2 and Supplementary Methods. The most striking facet of these unexpectedly young lava ages is they bracket the formation of the HEB (50-47 Myr ago; refs 5,9; see also Supplementary Fig. 3 ).
The geochemistry of this late-stage volcanism can help constrain its origin ( Fig. 3 and Supplementary Fig. 4 and Supplementary Table 2 ). The dated samples are unlike rejuvenated The late-stage Musicians lavas have similar major element, trace element and Sr-Nd-Pb isotopic compositions to mid-ocean ridge basalts (MORB), consistent with their derivation from shallow upper mantle sources, despite not having been formed at a mid-ocean ridge.
The best and most obvious explanation for this new type of MORB-like, non-hotspot intraplate volcanism is that it records increased plate deformation that caused magmatism through decompression melting with plate cracking (reactivation of Cretaceous linear features), possibly facilitating and focusing magma ascent (see, for example, refs 2,3). Some possible presentday analogues for the type of deformation and volcanism that we invoke here for the early Tertiary are the en échelon ridges in the extensional part of the Capricorn-Australia plate boundary 17 , as well as the Pukapuka Ridges in the central Pacific 18 . Another analogue might be located to the west of the Mid-Atlantic Ridge, where the Researcher volcanic ridge and graben system to the north form an en échelon volcano-tectonic complex that is extensional in character (Supplementary Note 5).
There is evidence also in the geologic record to show that subduction forces can cause plate yielding 19 (Supplementary Note 6). 19, [21] [22] [23] , that they might be causally connected (Fig. 4) . Moreover, the initiation of Aleutian subduction, at end of this subduction zone reorganization 24, 25 , coincides with the observed 47-48 Myr ago magmatism.
If increased stress within the plate was the sole mechanism controlling the location and timing of this new style of MORBlike intraplate volcanism, then it is likely to be distributed widely across the Pacific seafloor. As relatively few intraplate structures in the Pacific have been sampled and dated, we do not know if there is evidence for widespread deformation-related volcanism between 52-53 and 47-48 Myr ago. Nevertheless, local plate and shallow mantle melting and flow anomalies are likely to determine where MORB-like intraplate volcanism occurs during intervals of increased plate stress (see Supplementary Note 3) .
Current numerical models of the subduction-related forces driving the Pacific Plate do not incorporate local plate and mantle anomalies, and so cannot predict where and when plate cracking and decompression melting might trigger intraplate volcanism across the Pacific Plate. Numerical modelling, however, does point to the possibility that a major plate-wide change in subduction topology between 62 and 52 Myr ago might have led to an increase in plate speed and intraplate deformation across the Pacific Plate 26 . A possible plate-scale mechanism for changing asthenospheric flow might be a gradual westward speed-up of the Farallon-Pacific spreading rates, possibly starting at ∼50 Myr ago, which was caused by the increasing pull on the Pacific Plate exerted by the subducting slabs in the IBM and Tonga subduction zones 20, 26 . This timing corresponds to the part of the Hawaiian-Emperor Seamount Chain where the trend first starts to rotate from nearly due south to east-southeast, just north of Daikakuji and near Kimmei Seamount, marking the time of inception of the HEB ≥ 50 Myr ago and not the most arcuate 47.5 Myr ago part on the bend 5, 9 (see also Supplementary Fig. 3 ).
Increasing pull from the IBM and Tonga subducing slabs could have caused Pacific Plate speed-up at ∼50 Myr ago (refs 20,26) , and might have gradually changed the resistance or dragging force associated with the interface between the upper mantle and plate (basal drag or basal shear force), which is usually considered to act in an opposite direction to absolute motion 27 . As the plate accelerated to the northwest, asthenosphere counterflow could have increased in the opposite direction, deflecting the Hawaiian plume to the southeast during its final ascent through the transition zone 28 , reflected in the change in the trend of the Emperor Chain at Kimmei Seamount.
A change in asthenosphere flow at ∼50 Myr ago might also have initiated the start of final plume slowdown 9 before the sharp 47.5 Myr ago HEB. This shallow mantle mechanism would fit with an explanation for plume motion and slowdown involving a capture and release mechanism, which also involves plate processes in the form of waning Kula-Pacific spreading 13 . A further change in the basal drag force might have resulted from initiation of subduction to the north in the Aleutians at the time of the sharp HEB.
In summary, the apparent reactivation of the Cretaceous Musicians Ridges started at the same time as a series of major inter-connected subduction events around the Pacific margins. (refs 5,9) , when pull from these subducting slabs was sufficient to change Pacific Plate motion, which we infer could have triggered a change in asthenospheric flow.
In conclusion, based on the timing and geochemistry of an unusual MORB-type of intraplate volcanism, we propose that subduction initiation events along the western and northern Pacific, respectively, caused internal plate deformation that might have triggered magmatism due to decompression melting, possibly associated with cracking of the upper oceanic plate and other local plate and shallow mantle mechanisms. We infer that the HEB morphology and a slowdown in posited plume motion correlate with changes in asthenosphere flow resulting from plate speed-up caused by increasing pull on the Pacific Plate following subduction of the Izanagi-Pacific Ridge and initiation of Aleutian subduction. Thus, the HEB might be linked to subduction-driven asthenospheric changes at a time when the rapidly moving Hawaiian plume was slowing down. Such a model is compatible with current estimates of plume motion based on drill-site palaeolatitude information 6 and could be further tested with new, very deep drill sites, because only with these will there be any hope of constraining changes of motion within the overall southward drift.
This new style of non-hotspot-related intraplate volcanic reactivation represents a potentially powerful new proxy for identifying and dating intraplate deformation caused by plate reorganization events. Depending on the scale of asthenosphere changes, deflection and smearing out of plumes in the shallow mantle related to such events might correlate with regional or platewide changes in the motion and volume flux of hotspot tracks, and account for at least some of the non-age-progressive' intraplate volcanism widely found across the Pacific 1 .
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